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MONITORING TOTAL OXYGEN DEMAND 

(70 We, Procedywe -Corporation, ol oxygen depletion d^z to higher rate of con- 

221 Somerset Street, New Brunswick, New sumption in the oxidation reaction of con- 

Jcrsey 08903, United States of America; a taminani* relative to the rate of replenish- 

corporation organised and existing under the rncnt; has an important effect on this life 

5 laws of the Stale of New York, United and is clearly an important measure of tUe 50 

Stales ol' America, do hereby declare the pollution level. 

invention, for which we pray that a paten: Since observation; arid /or analysis of the 

may be granted to us. and the method by rate of natural oxidation of contaminants is 

which it is to be performed, to be parlicu- not always a practical approach in deter- 

!0 larly described in and by the following mining the oxygen requirements of a pol- 55 

statement: — luted aqueous system, means have been 

The present inventicn relates to appa- sought to measure parameters v/hich relate 

ratus and method for analysing a continu- directly, or can be indirectly related to the 

ously flowing sample stream of water or anticipated oxygen depletion of the stream. 

15 other fluid containing contaminants in order One important parameter is the total oxy- 

to determine the anticipated oxygen depie- gen demand (TOD) which has been defined 

lion of the water or other fluid due to oxida** - as the oxygen required to completely oxi- 

tion of the contaminants in terms of the dize the contaminants present in the stream, 

quantity of oxygen required to completely This is normally accomplished by subjecting 

20 oxidize' the same under high temperature the stream to high temperature oxidizing 65 

reaction conditions, and to provide an in- conditions so that the results srsay be ob- 

stantafceous read-out of such content. tained rapidiy and conveniently. 

The determination of the total oxygen Since the oxidizing conditions arc not 

required to completely oxidize the con- similar to those which are encountered 

25 taminants present in an aqueous system when the stream is oxidized through its 70 

offers a means of measuring the pollution natural experience. TOD is not identically 

level of the system. The basis for this a measure of anticipated oxygen depletion; 

measurement is that fact that the contami- however, it has been shown to be relatable 

nants present in a lake, stream, river or any to the anticipated oxygen depletion of the 

30 water supply gradually oxidize over a system and is therefore regarded as an im- 75 

period of time causing the dissolved oxygen portant measure of the degree of pollution, 

content of the water to drop. Since the oxy- In addition, the particular means of induc- 

gen thus consumed is replenished by natural ing this rapid high temperature oxidation 

means, such as by contact with the atmos- (i.e. the details of the oxidizing reactor wUh 

35 phere v mefchanical means, aeration ponds, respect to reaction efficiency as well as the 80 
and other agents, the rate of replenishment operating conditions) can influence the re- 
is limited by the particular situation in- suits obtained when determining TOD. 
volved. Since the oxidation of the contami- The present invention has for its principal 
nants is a major mechanism in the cleaning object the provision of apparatus and a 

40 of the stream for re-use, the amount of oxy- method for continuously analyzing the total g§ 
gen required for oxidation of the contami- oxygen demand (TOD) of contaminants 
nants is a measure of the difficulty of effect- contained m a fluid medium, by measuring 
ing a removal of the pollution. In addition, the quantity of oxygen required to coin- 
since fish and other aquatic life is strongly pleteJy oxidize the contaminants by subject- 

45 influenced by the oxygen level in the water, ing the stream to a specific high tempera- 9tt 
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ture reactor oi high efficiency. Tl;c appa- 
ratus is automatic and functions continu- 
ously without requiring manual prc-treat- 
mcnt of a sample. Thus, there h obtained 
; a parameter which can be related to I he 
anticipated depletion of the oxygen content 
of bodies of water into which the waste 
streams are discharged. The parameter thus 
^obtained can be termed total oxygen de- 
0 mand (TOD) as referred to in pollution 
evaluation: however, the particular values 
cars be specific to the particular technique 
embodied in this invention. 

According to the present invention there 

15 is provided apparatus for continuously de- 
termining the total quantity of oxidisable 
contaminants in an aqueous stream in 
?errns of the total quantity of oxygen re- 
quired to completely oxidize the contami- 

,0 nants present, comprising: means for pro- 
viding a sample of the stream at a predeter- 
mined constant volumetric rate, a "'continu- 
ously-operating, fiuidized-bed. bottom-fed 

^ reactor to receive and vaporize the sample 

25 means to heat the reactor, means to remove 
entrained solids from ihe rcacior ofMake, 
means to deliver* oxygen to the reactor at a 
predetermined volumetric rate proportional 
to the volumetric rate of flow of the sample 

20 to oxidise the oxidisable contaminants in 
the sample, means to remove water from 
said off-lake and means for determining the 
concentration of oxygen in the off-gas from 
the reactor. 

35 Further according to the present inven- 
tion there is provided a process for continu- 
ously determining the total. quantity of oxi- 
disable contaminants in an aqueous stream 
which comprises the steps of : 

43 (a) continuously delivering a sample of 
the stream to a Huidszed-bed, continuously- 
operating, bottom-fed reactor at a constant 
predetermined volumetric rate; 

(b) continuously delivering oxygen to the 

45 reactor at a predetermined volumetric rate 
having a predetermined proportion to the 
volumetric rate of flow of the sample, said 
oxygen rate being at least sufficient to oxi- 
dize ail of the carbon: 

50 (c) heating the reactor to provide an oper- 
ating temperature: 

(d) passing the reactor off-gar through a 
separator to remove entrained solids: 

(e) passing the reactor off-gas through a 
55 condenser to eliminate remaining water: 

(0 analyzing the resulting gas mixture to 
determine the oxygen uptake of the system 
by determination of the difference between 
the quantity of oxygen delivered to the re- 

60 actor and residual oxygen in the off-gas. 

Also according to the present invention 
there is provided a process for continuously 
determining the total quantity of oxidisable 
contaminants in an aqueous stream which 

65 cc maiis es: 


(a) continuously extracting a sample from 
the stream; 

(b) causing the cample to flow to con- 
tinuously-operating, ftuidized-bed, boitoni- 
fed reactor at a predetermined volumetric ?0 
rate; 

(c) injecting oxygon tato the sample at a 
predetermined volumetric rate ix least suffi- 
cient to o,\idise all of the carbon: 

(d) heating the oxygenated sample in the ?S 
reactor to oxidize the carbon: 

(e) scrubbing entrained solids and water 
from the reactor ou-gas; 

(f) determining the difference between the. 
quantity of oxygen added to the sample £0 
stream and the residual quantity thereof in 
the off-gas: 

(g) convening said difference to equi- 
valent carbon as a measure of the contami- 
nants in the aqueous stream. 85 

The present invention concerns deter- 
mination of the total oxygen demand (TOD) 
in a sample stream without xnarjual prc- 
treaimcnt or manipulation, by measuring 
the quantity of oxygen required to com- 90 
pletely oxidize the same in a specific high 
temperature, high efficiency, oxidising re- 
actor. The apparatus and method, some- 
times referred to for brevity as a TOD moni- 
tor, i.e. total oxygen demand monitor, com- 95 
prises the following : 

!. Metering the waste stream at a known 
predetermined rate into a fluidized 
solids reactor typically operating above 
1500 C F. Metering is typically accom- IP 
plished using a liquid metering pump. 

2. Concurrently, oxygen is metered to the 
reactor at a known predetermined rate 
typically controlled by a precision 
metering valve and measured by a pre- In- 
cision rotometer, or precision pressure 
gage and flow controller, e.g. an orifice 

or oiher commcrciaf device. 

3. The incinerator reactor is a fiuidized- 
solids reactor typically heated by e!ec- 1 
trie heaters, together with temperature- 
regulating rreans. The fluidization gas 

is the mixture of vaporized wrste stream, 
combustion products and ''unreacted 
oxygen. 

4. The reactor off-gas is passed through 
a cyclone separator for removal of en- 
trained solids, a condenser for removal 
of rnoft of the water, and other devices 
for removal of compounds which are* 
vaporizablc at the combustion tempera- 
ture and which could interfere with the 
oxygen measurement. The resulting gas 
mixture is continuously fed to an oxy- 
gen analyzer where the oxygen concen- 
tration in the off-gas is determined. 

5. The difference in oxygen accounted for 
in the off-gas and the oxygen fed intc 
the reactor is the oxygen uptake of fax 
■system (TOD). 
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turc reactor of ; :igh efficiency. The appa- 
ratus is autorosAic and functions continu- 
ously without requiring manual prc-treat- 
inent of a sanv k }.t" Thus, there ir, obtained 
a parameter which can be related to the 
anticipated depletion of the oxygen content 
of bodies of water into which ihe waste 
streams are discharged. The parameter thus 
obtained can be termed total oxygen de- 
mand (TOD) as referred to in pollution 
evaluation; however, the particular values 
Zc.ii be specific to the particular tschniqv.fi 
embodied in this invention. 

According to the present invention there 
is provided apparatus for continuously dc- 
•crmining the total quantity of oxidisable 
contaminants in an aqueous stream in 
lorms of the total quantity of oxygen re- 
quired U) completely oxidize the contemi- 
rlanis present, comprising: means for pro- 
viding a sample of the stream at a predeter- 
mined constant volumetric rate^-a continu- 
ously-operating, fiuidized-bed, bottom-fed 
reactor to receive and vaporize '(he sample 
means to heat the reactor, means to remove 
entrained solids from the reactor off take, 
means to deliver oxygen to the -reactor at a 
predetermined volumetric rate proportional 
to the volumetric rate of flow of the sample 
to oxidise the oxidis&bfe contaminants in 
ihe sample, means to remove water from 
said off-take and means for determining the 
concentration of oxygen in the off-gas from 
the reactor. 

Further according to the present inven- 
tion there is provided a process for continu- 
ously determining the total quantity of oxi- 
disable contaminants in an aqueous stream 
which comprises the steps of: 

(a) continuously delivering a sample of 
the stream to a fiuidized-bed. continuously- 
operating, bottom-fed reactor at a constant 
predetermined volumetric rate; 

(b) continuously delivering oxygen to the 
reactor at a predetermined volumetric rate 
having a predetermined proportion to the 
volumetric rate of now of the sample, said 
oxygen rate being at least sufficient to oxi- 
dize all of the carbon; 

(c) heating the reactor to provide an oper- 
ating temperature; 

(d) passing the reactor off -gas through a 
separator to remove entrained solids; 

(e) passing the reactor off-gas through a 
condenser to eliminate remaining water; 

(f) analyzing the resulting gas mixture to 
determine the oxygen uptake of the system 
by determination of the difference .between 

- r . _ J^i;.,^— *A wa- 
>ctor and residual oxygen in the off-gas. 

Also according to the present invention 
there is provided a process for continuously 
determining the iotal quantity of oxidisable 
contaminants in an aqueous stream which 
comprises: 


(a) continuously extracting a sample from 
the stream; 

(b) causing the sample to How to a con- 
tinuously-operating, ftuidized-bed, bottom- 
fed reactor at a predetermined volumetric 
rate; 

(c) injecting oxygen into the sample at a 
predetermined volumetric rate at least sufii- 
cicnt to oxidise all of the carbon; 

(d) hcaMng the oxygenated sample in the 75 
reactor to oxidize the carbon; 

(e) scrubbing entrL..;ed solids and water 
from the reactor off-gas; 

(f) determining the difference between the 
quantity of oxygen added to the sample SO 
stream and the residual quantity thereof in 
the olT-gas; 

(g) converting said difference to equi- 
valent carbon as a measure of the contami- 
nants in the aqueous stream. 85 

The present invention concerns deter- 
mination of the total oxygerrdemand (TOD) 
in a sample stream without manual pre- 
treatment or manipulation, by measuring 
the quantity of oxygen required to com- ^ 
pletely oxidize the same in a specific high 
temperature, high efficiency, oxidizing re- 
actor. The apparatus and method^ some- 
times referred to for brevity as a TOD moni- 
tor, i.e. lolal oxygen demand monitor, ccm- 
prises the following: 

1. Metering the waste stream at a known 
predetermined rate into a fluidirred 
solids reactor typically operating above 
1500°F. Metering is typically accom- lw 
plished using a liquid metering pump. 

2. Concurrently, oxygen is metered to the 
reactor at a known predetermined rate 
tvoicaily controlled by a precision 
metering valve and measured by %»prc- 105 
cision rotometer, or precision pressure 
gage and flow controller, e.g. an orifice 

or other commercial device. 

3. The incinerator reactor is a fluidized- 
solids reactor typically heated by elec- HU 
trie heaters, together with temperature- 
regulating means. The fluidization gas 

is the mixture of vaporized waste stream, 
combustion products and unreactcd 
oxygen. 

4. The reactor off-gas is passed through 
a cyclone separator for removal of en- 
trained solids, a condenser for removal 
of most of the water, and other devices 

for removal of compounds which are 1ZU 
vaporizable at the combustion tempera- 
ture and which could interfere with the 
oxygen measurement. The resulting gas 
mixture is continuously fed to an oxy- 
gen analyzer. where the oxygen concen- l*£ 
tration in the "off-gas is determined. 

5. The difference in oxygen accounted fa" 
in the off-gas and the oxygen fed ;itc»* 
the reactor is the oxygen uptake of tM 
system (TOD). i3C 


: yn so:? 


A sample of the vva.Ur; is diveri::ri from 
the main stream for flow through a conduit 
10, the fio*/ rate of the sample bcinj: [>rc- 
determined by mean*; of metering p;/n-n 
S 12. The stream continues through a conduit 
•3. back-pressure and check valve 14 and 
,::ondurt 16 to the bottom of a tluiili/cd 
/solids reactor 18. The valve 14 is designed 
to minimize the effect of pressure fluetua- 

•0 tions in the reactor on the precision of the 
liquid feed rale. 

Piior to delivery c' the waste stream to 
the reactor, it is joined by a stream of oxy- 
gen flowing through conduits 22. 24 and 26: 

^5 there hem;:: a precision How gauge 2T« inter- 
posed to measure. the predetermined rate of 
How of the oxygen. The metering pump «\ 
typicnlh an electricaily-cri-en, positive-dis- 
placement pump designed to deliver the 

>.\} sample at -\ highly accurate, constant »:ite. 
In the example, the f?ov/ cage is iv pic: \\)y >i 
rc'.omelcr Model 10A1367AI 3A,* a*, r.up- 
plied by Fischer & Porter, located at V/o»- 
minster. Pennsylvania. A check v;;ivr 2/ 

25 prevents back flow of the waste stream into 
the line 24. 

The reactor IS is of the fluidi/cd-bed type 
and comprises a bottom feed pipe through 
whiclr the water-oxygen mixture is admitted 

30 to the bed i8a, e.g. comprising pailic!':*. : ,1 
aluminum oxide or other material which is 
incombustible at the operating temperature 
of the bed. e g. 1500*F or higher. I feat is 
supplied to the bed by means of sheathed 

35 electrical resistance heaters 25b. The tem- 
perature of the bed is regulated in any well- 
known manner, e.g. by the use of a. thermo- 
couple 29 and controller 3!.. In addition, 
the reactor i r » equipped with a hiy.h (cm* 

■*Q peraiure alarm which is arranged to inter- 
rup current to the heaters if the temperature 
exceeds a prc-set high. All electrical con- 
nections are indicated diagrammatically, Th:; 
fiuidizing gas fed to the bed comprises a 

45 mixture of vaporized waste stream, com- 
bustion products and unrcacted oxygen.. 

OfT-eas. from the reactor is delivered to 
a condenser 41 via a line 42, for removal of 
most of the water and thence through £ 

JO pjp 2 44, to a cyclone separator 45 for re- 
moval of entrained solids. Such liquid and 
solids are received in a vessel where* 
from they are disposed of to waste at 52. 
the liquid retained in the vessel serving as 

55 a water seal against loss of reactor gas The 
resulting mixture of gases leaving the cyc- 
lone separator at 54 is additionally scrubbed 
in a condenser 55 an4 then passed* through 
line 56. to a CO. scruhl-ar and dryer 57 to 

i'-O an oxygen analyzer 55. where the concen- 
tration of oxygen in the off-gas is deter- 
mined. 

Since the initial delivery of oxygen i* 
determined at a known rate by means of the 
55 flow oauge 25 and the analyzer 58 provides 


inforifuiuon on residual u.\ygea. the dif- 
ference is ihe quantity of oxygen taken up 
in the system, i.e. total oxygen demand 

In a practical embodiment of she mve-*:- 
; on, the following operating criteria were 70 
win ployed : 


Feed of waste stream: 
Oxygen^lccd : 
Reactor temperature: 
Solids in reactor: 


5 ml/ mi n. 
40 ml/min. 
1 630 F 75 
150 mesh. Al O, 


WHAT WE CLAIM I? ; 


1. Apparatus for continuously detcrrr:?::- 
:r t fi ;hc total quantity of oxidisable con- 
taminants in an aqueous stream in terms of 
the total quantity of oxyger. required to 
completely oxidize the ccntsmiriants present, 
comprising: means for providing a sample 
of the stream zi a predetermined constan: 
volumetric rate, p continuously-operating, 
fiuidized-bed. bottom-fed reactor to receive 
and vaporize the sample, means to heat the 
react on means to remove entrained solids 
from the reactor off-take, means to deliver 
oxygen to the reactor at a predetermined 
volumetric rate proportional to the volu- 
mctiii rate of ftow of the sample to oxidise 
the o;:idisabie contaminants in the sample 
means to remove water from said off-:ak<j 
and means for dcterminir^; the concentration 
of oxygen in the off-gas from the reactor. 

2. Apparatus-'for continuously determin- 
ing the total quantity of oxidisable contami- 
nants in an aqueous stream, substantially as 
hereinbefore described with reference to and 
as illustrated in the accompanying drawing. 

3. A process for continuously determin- 
ing the total quantity of oxidisable coraami- 
:ants in an aqueous stream which comprises 
the steps of:- 

fa) continuously delivering a sample of 
the stream to a fluidized-bed. continuously- 
operating, bottom-fed reactor at a constant 
predetermined volumetric rate; 

(b) contiuously delivering oxygen to the 
reactor at a predetermined volumetric rate 
having a predetermined proportion to the 
volumetric rate of flow of the sample, said 
oxygen being at least sufficient to oxidi?e 
all of the carbon: 

(c) heating the reactor to provide an 
operating temperature: 

(d) passing the reactor off-gas through a 
separator to remove entrained solids; 

(e) passing the reactor off-gas through a 
condenser to eliminate remaining water: 

(0 analyzing the resulting gas mixture to 
determine the oxygen uptake of the system 
by determination of the difference between 
the quantity of oxygen delivered to the re- 
actor and residual oxygen hi the off-gas 

4. A process as claimed in claim 3, in 


on 


10 


i( 


II: 


i: 


v/hich the oxygen iz corJ;hmo*isIy combined 
vvitb the sample. 

5. A process for continuously determin- 
ing the total quantity of c;::disable coruami- 
5 nanls in an aqueous stream which com- 
prises : 

fa) continuously extracting £ ^mpic 
from the stream; 

(b) causing the sample to flow to a con- 
10 continuously-operating fluidized-bed, bot- 
tom-fed reactor at a predetermined volu- 
metric rate; 

(c) injecting oxygcts into ths sample at a 
predetermined volumetric rate at least sufiS- 

15 cient to oxidise ail of the carbon; 

(d ) heating the oxygenated sample in the 
reactor to oxidize the carbon: 


(e) scrubbing entrained solids and water 
from the reactor off-gas; 

(0 determining the difference between the 2C 
qusraily of oxygen s?dded to the sample 
stream and the residual quantity thereof in 
the off-gas; 

fg) converting said difference to equi- 
valent carbon as a measure of the contain!- 2i 
nants in the aqueous stream. 

6. A process for continuously determin- 
ing the total quantity of oxidisable contami- 
nants in an aquctu-3 stream as claimed m 
any one of claims 3 to 5, substantially r.s ?/„ 
hereinbefore described. 
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cMicfcv drawing £s a reproduction of 
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